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Abstract 
Combustion heat is a very important combustion characteristic of pyrotechnics, and there are lots of methods use combustion 
heat to evaluate the accidental severity of pyrotechnic safety. In the meantime, combustion heat has profound guiding 
significance for compound design and safe handling of pyrotechnics. This article utilizes oxygen bomb calorimeter to determine 
the combustion heat of certain kinds of pyrotechnics, using Hess Law to derive combustion reaction of pyrotechnics that may 
occur, and analyzing the reasons of differences between the theoretical value with the experimental value. 
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The combustion heat of the sample (J/mo1) 
The heat capacity of water and inner barrel (J/K) 
The heat of calorimeter and the environmental exchange 
The temperature of the system when igniting (burning) (ć) 
The combustion heat of ignition wire (J∙g-1) 
The actual consumption of ignition wire (g) 
The number of moles of sample (mo1) 
The maximum temperature (ć) 
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1. Introduction 
Pyrotechnics is a kind of muti-component mechanical, and an inhomogeneous body. Its combustion is different 
from ordinary homogeneous explosives, which have its own combustion characteristics. The combustion heat is an 
important indicator for pyrotechnics, which can evaluate the accidental severity of pyrotechnic safety [1]. Definition 
of combustion heat is the heat of reaction while unit mass or amount of substance completely combustion and 
generating stable material. It is a significant concept in chemical thermodynamics. The heat of formation and bond 
energy can be calculated by measuring the heat of combustion [2]. The combustion heat of pyrotechnics is refers to 
the energy of 1 g pyrotechnics release during burning under certain conditions [3], the unit is kJ∙g-1. In order to get 
the heat of combustion of pyrotechnics there are two kinds methods: one is based on the theory of Hess Law of 
calculation method, the other one is to use oxygen bomb calorimeter measurement. 
2. Experimental method 
2.1. Hess law calculation method 
The experiment had proved that the reaction heat is only related to start state and end state, it is irrelevant to the 
reaction pathway, and this is the Hess Law. The burning rate of pyrotechnics in the atmosphere is relatively small, 
not as intense as explosives. So, we can consider that the burning pyrotechnics is carried out under the condition of 
constant pressure, which is suitable for Hess Law. Pyrotechnics of combustion heat can be represented with a 
constant pressure combustion heat Qp. 
Pyrotechnics combustion process has three states. The initial state is the elements of each composition; 
intermediate state is equivalent to pyrotechnics mixture; final state is combustion products. Suppose there are two 
ways of combustion reaction: one kind is from initial state to the intermediate state firstly, in this process, the 
absorbing or releasing heat expressed by Q1, Q1 is the heat of formation of components of pyrotechnics, and then 
goes from the intermediate state after combustion reaction reach the final state, and gives off heat, which is the 
combustion heat of pyrotechnics expressed by Q2; Another way is to reach the final state directly from the initial 
state, and emit or absorb the heat, also is the products of combustion heat of formation in Q3. According to the Hess 
Law this two ways of heat of reaction is the same, that is to say Q1+Q2=Q3. So, combustion heat of pyrotechnics is 
Q2=Q3-Q1, Thus combustion heat of pyrotechnics is equal to the heat of formation of combustion production minus 
the heat of formation of components. 
2.2. The experimental method of oxygen bomb calorimeter  
Oxygen bomb calorimeter has more than hundred years of development history since 1880s. It is from simple 
to complex with the various improvement. The basic principle of it is the law of conservation of energy. Energy of 
the samples released by completely combustion raise the temperature of oxygen bomb itself and its surrounding 
medium, so it can calculate the combustion heat of samples by measuring medium temperature changes in the value 
before, during, and after burning. Although the experimental principles is not complicated, the surrounding 
environment, test methods, the influence of many factors must be considered [4]. Now the main types of oxygen 
bomb calorimeter are: isothermal calorimeter; adiabatic calorimeter; double dry calorimeter and no water 
calorimeter. 
The basic principle of oxygen bomb calorimeter which is used in the experiments in this paper is to take a 
certain amount of sample charge of pure oxygen in oxygen bomb and make it combusting. Submerging the oxygen 
bomb calorimeter into a certain amount of water, can calculate the combustion heat value of the sample by 
measuring water temperature after combustion heat released.  
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3. The experiment 
3.1. Experimental apparatus and reagents 
The main experimental instruments used in this paper are: Mettler electronic balance: XS105; oxygen bomb 
calorimeter of the company IKA: IKAC200.  
Because the formulations of the pyrotechnic compositions are various and most of them are complex mixtures, 
the naming of the pyrotechnic compositions is based on firework display effect. The pyrotechnic compositions used 
in this experiment are provided by Hebei ZhongXing fireworks factory, as follows: black power, green pyrotechnic, 
red pyrotechnic, Jinguan pyrotechnic, white pyrotechnic, purple pyrotechnic, blue pyrotechnic, whistling 
pyrotechnic, spraying pyrotechnic, waterfall pyrotechnic. 
3.2. Experiment method 
First of all, use benzoic acid standardizes oxygen bomb calorimeter for 5 times. Then measure the heat of 
combustion of samples after standardization, the measurement of the difference between the experimental values 
and the theoretical value should not exceed 50 J, otherwise it should standardized again. According to military 
specifications, Detonation Heat and Combustion Heat Insulation Method [5], using IKAC200 oxygen bomb 
calorimeter measuring 10 kinds of pyrotechnic heat of combustion, and then calculating the enthalpies of formation 
by the combustion heat. 
In the condition of the environment temperature about 22.3 ć, lit up a piece of cotton (calorific value of 50 J). 
Record the sample`s combustion heat value when the test finished, each compound should be measured five times, 
take the average value as the combustion`s heat compounds. 
3.3. The experimental date 
According to the requirement of the accuracy, each reagent should be tested five times. Precision test requires 
the relative standard deviation of the analysis results about the 5 times' benzoic acid testing are less than 0.20%; the 
requirement of accuracy is: using benzoic acid as samples to determine the calorific value 5 times, the average and 
the difference between the standard of calorific value is less than 50 J/g. All test results should not be abandoned 
casually in the calculation besides the incomplete combustion. Because the pyrotechnic has a big calorific value, 
there isn’t rules on pyrotechnics in our country's standard, it is very difficult to make the difference of the measured 
value is less than 50 J. In this experiment, according to the specific experimental data, it will select the difference 
within 200 J to analyse. The experimental data are shown in Table 1. 
Table 1. Combustion heat value of pyrotechnics (J/g). 
agentia item 1 2 3 4 5 Mean value 
black power Mass (mg) 102.50 107.70 102.58 103.12 102.71 -- Combustion heat 10436 10478 10358 10379 10401 10401 
green flash pyrotechnic mass (mg) 141.32 141.71 141.58 141.06 141.62 -- Combustion heat 4132 3916 3937 3902 3856 3950 
spraying pyrotechnic mass (mg) 133.22 112.87 111.43 112.03 111.68 -- Combustion heat 10691 10614 10727 10945 10726 10740 
whistling pyrotechnic mass (mg) 148.68 150.94 151.4 149.01 150.13 -- Combustion heat 7209 7208 7270 7186 7269 7228 
waterfall pyrotechnic mass (mg) 65.77 147.82 153.03 149.06 151.07 -- Combustion heat 16777 16828 16703 16899 16742 16789 
blue pyrotechnic mass (mg) 142.34 145.57 141.35 142.71 143.26 -- Combustion heat 8364 8226 8246 8265 8197 8265 
purple pyrotechnic mass (mg) 188.75 188.84 194.37 196.07 189.03 -- Combustion heat 5147 5179 5032 5094 5181 5126 
Jinguan pyrotechnic mass (mg) 102.52 94.03 95.54 96.73 96.85 -- Combustion heat 16394 16312 16238 16389 16247 16319 
white flash pyrotechnic mass (mg) 206.44 207.59 208.85 207.71 209.31 -- Combustion heat 5896 5945 5835 5846 5912 5886 
white pyrotechnic mass (mg) 211.90 204.59 199.91 206.74 203.61 -- Combustion heat 7860 7784 7864 7795 7810 7822 
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4. The results and discussion 
Oxygen bomb calorimeter used in the experiment was used to measure the constant-volume combustion heat 
Qv, The relationship between Qv and constant pressure combustion heat Qp is 
Qp=Qv+nRT                                                                                                 (2) 
This experiment is oxygenated, under the pressure of 3.2 Mpa, the quality of the reagents used is very small, 
and less than 200 mg, the consumed oxygen and ejective gas quantity are very small relative to the data 3.2Mpa, so 
the obtained data in this experiment can be approximate to constant pressure heat of combustion. 
4.1. Using Hess law to conclude the combustion reaction of whistling pyrotechnic 
According to the Hess Law, we can use the heat generated by the combustion products and the generated heat 
of each component material to determine the combustion heat of pyrotechnics. The value of combustion heat has 
been obtained through the experiments, we can back stepping the combustion reaction of the pyrotechnics when it 
combusting. In this paper I take whistling pyrotechnic as an example for analysis. 
x The whistling pyrotechnic are divided into: C7H5O2Na 30%, KClO4 70%. 
x Suppose the whistling pyrotechnic have 100 g, then the amount of substance of the two components are: 
C7H5O2Na 0.208 mol, KClO4 0.507 mol. 
x Use C7H5O2Na as benchmark, the amount of substance of it is regarded as "1", than the amount of substance of 
KClO4 is 2.44 mol. 
x Under the condition of sufficient oxygen, deduce what happened in the combustion reaction of whistling 
pyrotechnic, then calculating the combustion heat by Hess Law and compared with the experimental value, 
judging the concluded reaction equation is whether accurate or not. As oxidant, KClO4 decomposition reaction 
will happen, as follows: 
䊺O+KCl䊻KClO 24  
Under the condition of excess oxygen, deduce the whistling pyrotechnic combustion reaction will occur as 
follows: 
O(l)H+(g)7CO+O(s)0.5Na+2.44KCl(s)=(g)2.62O+(s)2.44KClO+Na(s)OHC 22224257  
According to the Hess Law, the whistling pyrotechnic heat of combustion can be calculated by the type. 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )
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The experimental value of the whistling pyrotechnic is 7228 J/g, is consistent with the theoretical value. Using 
the same method to calculated other known formula medicament.
 
4.2. Comparison of the experimental value with the theoretical value 
Comparing the experimental value and the theoretical value of the five kinds of pyrotechnics, the data are 
shown in Table 2. 
Table 2. The theoretical value and experimental value of the combustion heat of pyrotechnics (J/g). 
agentia experimental value theoretical value difference value 
green flash pyrotechnic 3950 4507 557 
whistling pyrotechnic 7228 7224 4 
purple pyrotechnic 5126 5286 160 
Jinguan pyrotechnic 16316 16152 164 
white pyrotechnic 7822 8973 1151 
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Because of the manufacturer, parts of the formula can’t public temporarily. So this paper only analyzes five 
types of pyrotechnics. We found the experimental value of whistling pyrotechnic, purple pyrotechnic, Jinguan 
pyrotechnic are consistent with the theoretical value, but the experimental value of green flash pyrotechnic and 
white pyrotechnic have a large difference with the theoretical value. It may be caused by the following reasons: 
x Both of the reagent contain a certain amount of alloy powder, especially white medicine which contains 25% 
of alloy powder, and the theoretical combustion heat value of alloy powder is very big. But in the process of 
experiment, excessive oxygen and higher temperature make the combusting quickly, and produce a dense 
oxide film on the surface, then, the reagent is not fully participate in the reaction [6], which makes theoretical 
calculation value is greater than the experimental value. 
x There is an approximation front in the process of data processing, the experiment value of combustion heat is a 
constant volume combustion heat, and the theoretical value is a constant pressure combustion heat, the 
relationship between them in accordance with formula (2). Considering the experiment was conducted under 
the pressure of 3.2 MPa, we omitted the release of gas in the combustion reaction while data processing, if the 
release gas is non-ignorable, nRT value would be larger. So it makes the experimental value less than the 
calculated value. 
x Due to the characteristics of pyrotechnics itself, it’s easy to cause experimental error compare with the general 
chemical because of its fast reaction and large heat quantity.  
5. Conclusions 
In this paper, the German instrument IKAC200 is used to determine the combustion heat of 10 kinds of typical 
pyrotechnics. At the same time it determine the dose of pyrotechnics which is better for test. If less than a certain 
number of values, the instrument will not have access temperature rise. The 10 kinds of the reagent mostly in the 
range of 100-200 mg, the exceptional reagent with great calorific value is slightly less than 100mg. Dosage also 
cannot too large, as the pyrotechnics combustion heat value is high, if we use too much, components can't fully 
participate in the reaction, it will affect the accuracy of the results, it will also result a destruction of crucible used in 
the experiment, the serious will be burning the crucible to wear, damage the instrument. So we suggest using quartz 
crucible in this experiment. 
In this paper, using the theory of Hess Law to calculate the combustion heat value of pyrotechnics, determine 
the feasibility of this method, and compared the theoretical value with the experimental value, analyses the reasons 
of the error. It may provide certain ideas and reference for subsequent research. 
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